Early life experiences are known to shape the behavioural development of animals, and therefore events occurring during preadolescence and adolescence may have long-term effects. In dogs, this period of time may be important for later behaviour and thereby also the suitability of dogs for different working tasks. We used the breeding practice for Swedish military working dogs to investigate this possibility. German Shepherds were bred at a central facility and then kept in host families for about a year, before participating in a standardised test determining their temperament, behaviour, and suitability for further training. We surveyed the link between the behaviour of 71 prospective military working dogs in their home situations during the first year of life as assessed by an amended C-BARQ survey, and their performance in a temperament test (T-test) applied at about 17 months of age. Dogs which scored high for C-BARQ category "Trainability" showed a significantly higher success rate in the T-test (P<0.001), while dogs that scored high for "Stranger-Directed Fear", "Non-social Fear" and "Dog-Directed Fear" showed a significantly lower success rate (all P<0.05). Also dogs with higher C-BARQ scores on "Hyperactivity/Restlessness, Difficulties in Settling Down" (P=0.028), and "Chasing/Following Shadows or Light Spots" (P=0.035) were more successful, as were dogs left longer times at home (2.97±0.32 vs. 2.04±0.33 h/day; P=0.050). Index value, describing the expected success rate in the T-test, was negatively correlated with "Non-social fear" (r=-0.35) and "Stranger directed fear" (r=-0.35). The combined effect of the significant C-BARQ categories explained 29.5 % of the variance in the later T-test results (P=0.006). The results indicate that the experiences and behaviour of the dogs during their first year of life is crucial in determining their later behaviour and temperament, something that could potentially be used to improve selection procedures for working dogs. Furthermore, an unsuspected result was that success in the T-test was correlated with behaviours usually associated with problem behaviour, which calls for a deeper analysis of the selection criteria used for working dogs.
Introduction
The development of the nervous system in altricial species, like the dog, is highly plastic and depends to a large extent on environmental factors (Chapillon et al., 2002; Gazzano et al., 2008) . The early postnatal period is crucial (Rosenzweig, 1984) , and differences in maternal care or rearing condition can have a major impact (Caldji et al., 1998; Champagne et al., 2003; Macrí and Würbel, 2007; Foyer et al., 2013) . However, also later experiences can influence both physiology and behaviour in the adult animal (Dwyer and Lawrence, 2005) , making adolescence another important period in behavioural development (Delville et al., 2003; Sachser et al., 2013) .
There is a large interest in accurate determination of behaviour and temperament in dogs, partly because this can help improving their daily lives as pets, and partly because there is a need to develop better methods for selecting dogs for different work tasks in human service. Several methods are currently in use for this, and among the most commonly used are standardised behaviour tests, in which subjective or objective ratings of responses to a range of test situations are recorded (Svartberg and Forkman, 2002; Wilsson and Sinn, 2012) . Another common method is to use questionnaires, where owners answer a battery of questions relating to the behaviour of dogs in every day life situations (Serpell and Hsu, 2001 ), or rate behaviour using more subjective language based methods (Ley et al., 2008) . At present, the most widely used survey is the Canine Behaviour Assessment and Research Questionnaire (C-BARQ), which was developed based on data from more than 2000 dogs representing more than 100 breeds (Hsu and Serpell, 2003) . Duffy and Serpell (2012) found that the C-BARQ is able to identify dogs behaviourally suited for guide or service work as early as at 6 months of age.
Military tasks, one of the many niches in which dogs may be used for human assistance, calls for optimized methods of evaluation and training (Sinn et al., 2010) . For example, the Swedish Armed Forces (SAF) breed and train German Shepherd dogs to become Military Working Dogs (MWDs) within a breeding programme run since 2005. A total of about 200 dogs are bred every year and among them the ones judged to be most suitable are selected for further training. The selection is based on a standardised temperament test (the T-test), from which about 50% of all tested dogs are rejected due to unsuitable temperament, and about 10% due to medical issues (calculated from SAF unpublished data). Foyer et al. (2013) found that the results in the T-test are significantly affected by neonatal life experiences of the dogs, and in the present study, we therefore concentrated on behaviour and experiences during the first year of life, including the adolescent period. Pups in the breeding programme leave the kennel after weaning, at an age of 8-10 weeks to live in foster homes, which are volunteer families across the country (hereafter referred to as hosts), and at the age of 15-18 month they undergo the T-test. It is a probable that the behaviour and experiences of the dogs during this biologically important life period may have a significant influence on the success rate in the test. Batt et al. (2010) found that questionnaires, together with behavioural tests, could predict the probability of success in different guide dog programs and Svartberg (2005) found that results from a behavioural test could to some extent predict behavioural problems in the home environment, related to social and non-social fear.
This indicates that there is a strong connection between everyday behaviour in the home environment and the reactions in a standardised temperament test. We therefore decided to use a modified version of the C-BARQ to investigate the behaviour and experiences of the dogs in the family situation during their first year of life. We then combined this with the outcome of the T-test and analysed how the assessment of the host families was related to the behaviour during the different sub-tests, and the probability of passing the test and being selected for further training.
The aim of the study was to investigate whether subjective ownerassessment of dog behaviour, and a questionnaire-based account of environmental events during the first year of life, could predict the outcome of a standardised behaviour test applied at about one and a half years of age to prospective MWD. To do so, we made use of both the rating scales used in the T-test: firstly, we examined the actual behaviour scores from all the sub-tests, and secondly, we used the integrated Index Value, which gives an overall value of the perceived suitability of the dog for becoming a working dog. Furthermore, we aimed to improve the understanding of the behavioural characteristics of those dogs, which are selected for further training by means of a brief, standardised selection test, such as the one used by the Swedish Armed Forces.
Material and Methods

Subjects
All dogs included in this study were of German Shepherd breed and enrolled within the Swedish Armed Forces (SAF) selective dog-breeding program. More details about the breeding program can be found in Wilsson and Sinn (2012) . Briefly, the population consists of purebred German Shepherds stemming from dogs with a variety of genetic background that has been maintained since 2005. About 200 dogs are now bred per year and since the start till 2013, 52% have been found suitable based on test result in a standardised temperament test (see Section 3 for evaluation methods).
Of the 71 dogs included in this study, 33 were males and 38 females, distributed among 17 different litters ranging from two to 10 in litter size. Bitches arrived at the SAF kennel in Sollefteå in Northern Sweden 3 weeks prior to estimated whelping and were kept there during the whelping and nursing period. At all other times they lived in private foster homes situated across the country. The pups were housed with their mothers and littermates until weaned at an age of 8 weeks, and raised according to the standard routines of the breeding unit (Foyer et al., 2013) . After weaning, the pups were placed in foster homes (the so-called hosts) where they remained until the dogs reached the age of 15-18 months. At that time, they were subjected to a standardised temperament test to assess suitability for training. The dogs in this study were born between January and October 2011.
The questionnaire
We used the C-BARQ, translated into Swedish by Svartberg (2005) and supplemented after the final miscellaneous section by the addition of 17 questions relating to experiences and major events during the time in the host family. Ninety-five questionnaires were sent out to the puppy hosts, and 71 were completed and returned, corresponding to a response rate of 74.7%.
The modified survey consisted of 122 questions (for the complete set of questions, see Supplementary material 1). The majority of the questions were answered on a 5-point scale (0-4) or a relative frequency scale (never, seldom, sometimes, usually and often), but a few required written answers, which were then categorised before statistical analysis. The C-BARQ provides a set of quantitative scores for 14 different categories of behaviour calculated as a mean from all the item scores or questions within a factor (Table 1) .
The dogs were approximately 14month (418±58.6 days) old when the hosts filled in the questionnaires. They were asked to answer all questions and only omit an answer if the described situation had never been observed. Omitted answers in the miscellaneous section were treated as missing values. The values of each of the 14 categories of the C-BARQ were composite scores from a number of questions, and if omitted answers were found in any of these questions, and this resulted in more than 20% loss of the questions within that category, the whole category was treated as a missing value for that individual. Otherwise, the mean values of the remaining questions were used for this category. The question about food type was later excluded since all dogs were fed the same food according to the instructions from the breeding unit. The answers concerning whether there were other animals and other dogs in the household were pooled to "living with other animals; yes/no" and the answers concerning engagement in different types of training activities with their dog were pooled into "had been trained or not". Information about re-homing (if the dog had moved from one host to another) was obtained from the SAFs database.
Temperament test
The purpose of the temperament test (T-test) was to evaluate the suitability of the dogs for training to become future military working dogs. For a detailed description of the Ttest and its different parts, see Wilsson and Sinn (2012) . Briefly, the T-test assesses the behaviour of the dog in 12 different sub-test situations, using two different rating We obtained the complete T-test results from the 71 dogs for which we had a complete survey response, and the whole test took about 40 min to complete per dog.
The same person, who had extensive experience with this test, assessed the behaviour of all dogs. The test leader was blind to the C-BARQ results. Males were tested before females to eliminate the risk of distraction from pre-oestrous females on males. The dogs were between approximately 17 month old (504.0±28.9 days) when tested.
Statistical analysis
The behavioural scores, based on the 25 behavioural variables in the BR from the 12 sub-tests in the T-test (Temperament test), were entered into a principal component analysis (PCA). The primary factor solution was orthogonally rotated using the Varimax normalized rotation method, due to the relatively small sample size. The sampling adequacy was tested using the Bartlett´s sphericity test and the Kaiser-Meyer-Olkin (KMO) measure (Budaev, 2010) chance of being successful in training, and the higher the total Index Value, the greater the chance that the dog will become a successful working dog. In the presently tested dogs, the Index Value ranged from -60 to +93. Dogs with Index Values below 0 were considered to have failed the test, and were not retained for training. The Index Value provides an unbiased integrated measure of suitable temperament from the perspective of the armed forces, and we therefore used this for our comparisons with the survey data in addition to the actual behavioural data from the T-test.
To investigate whether there were any relationships between the behaviour in the T-test and the C-BARQ categories, C-BARQ items and survey items, Pearson correlation coefficients between PCA factor scores, Index Value and C-BARQ were calculated. The level of significance was set to P<0.05 for all analysis. All data was analysed using SPSS 21.0.
We used an Independent samples t-test to check the significance of any effects of sex or re-homing, and Pearson Correlation to check for effects of litter size or age at testing on the T-test results. Regression analysis was used to determine the amount of variance in T-test results explained by C-BARQ responses.
In order to estimate the amount of variance of the T-test data that was explained by the C-BARQ responses, we carried out a regression analysis. The Index Value was used as the independent variable, and the five different C-BARQ categories found to be significantly related to the Index Value were used as independent main effects.
Results
No significant correlations between Index Value and number of pups per litter (r=-0.109, P=0.365), or age at testing (r=-0.031, P=0.802) were found. Furthermore, there were no effects of sex (t=0.193, P=0.847) or re-homing (t=1.059, P=0.293) on Index Value. Therefore, data from all dogs were pooled for subsequent analyses.
Dogs with Index Value >0 had a significantly higher score for the C-BARQ category "Trainability" (t(69)=3.82, P<0.001) and C-BARQ items "Hyperactivity/Restlessness, Difficulties in Settling Down" (t(69)=2.25, P=0.028), and "Chasing/Following Shadows or Light Spots" (t(68)=2.16, P=0.035) (Fig. 1) . Furthermore, dogs with Index Value >0 were left significantly longer alone at home per day (2.97±0.32 vs. 2.04±0.33 h/day; t(66)=2.00, P=0.050). Dogs with an Index Value <0, on the other hand, had a significantly higher score for the C-BARQ categories "Stranger-Directed Fear" (t(34)=-2.48, P=0.018), "Non-Social Fear" (t(43)=-3.01, P=0.004), "Dog-Directed Fear" (t(29)=-2.38, P=0.024) and "Touch Sensitivity" (t(42)=-2.23, P=0.031) (Fig. 1 ).
The categories included in the regression analysis, to determine amount of variance in T-test results explained by C-BARQ scores, were those shown in Fig 1, i e, "Stranger Directed Fear", "Non-Social Fear", "Dog-Directed Fear", "Touch Sensibility", and "Trainability". The model was statistically significant (F5.45=3.8; P=0.006). Although only "Trainability" was significant as main factor (F1.45=5.6; P=0.023), the explained variance (R 2 ) of the model was 29.5%.
The principal component analysis on the T-test variables revealed six components with eigenvalues greater than 1, which together explained 70.9% of the total variance (N=71). The criterion for considering a T-test variable relevant to a specific principal component (PC) was set to a loading of 0.5 or above ( Table 2 ). The first PC had high loadings of variables related to behavioural responses to startling stimuli and was named "Confidence" in accordance with previous research. The second PC described willingness to engage with inanimate objects and was labelled "Physical Engagement". In the same way, the third PC described variation with respect to level of engagement with humans and was hence named "Social Engagement". The fourth PC described variations in "Environmental Sureness" and was defined by reactions to an unknown environmental condition, while the fifth PC was spanned by ratings concerning the acoustic startle sub-test and was therefore named "Acoustic Environmental Sureness". Finally, the sixth PC described variations in aggressive responses to the visual and gradual visual startle sub-tests and was hence named "Aggression".
There were significant correlations between the Index Value and all PC scores except for "Acoustic Environmental Sureness" (Table 3) . Furthermore, for each of the PC scores "Confidence", "Physical Engagement" and "Aggression", there were significant correlations with at least one of the 14 C-BARQ categories (Table 3 ). The PC "Confidence" correlated negatively with C-BARQ category "Non-Social Fear" and "Excitability", while PC "Physical Engagement" correlated positively with C-BARQ category "Trainability" and negatively with both the C-BARQ categories "Non-Social Fear" and "Touch Sensitivity". PC "Aggression" showed a positive correlation with C-BARQ category "Stranger-Directed Aggression" and a negative correlation to C-BARQ category "Dog-Directed Fear".
Among the added, miscellaneous questions, there was a significant positive correlation between the PC "Environmental Sureness" and the survey item "Hours left home alone per day" (r=0.271, P=0.034, N=61), and a significant negative correlation between score on PC "Social Engagement" and the survey item "Hours on average of activation per day" (r=-0.308, P=0.015, N=62) (Table3). There was no correlation between "Hours left home alone per day" and the score on having other animals in the household.
Discussion
The results of the present study show that dogs passing the T-test (i.e., with an Index Value>0) scored high on the C-BARQ category "Trainability" and C-BARQ items "Hyperactive/Restlessness, Difficulties in Settling Down", and "Chasing/Following Shadows or Light Spots". They were also on average left home alone more hours per day.
Furthermore, the behavioural outcome of the T-test was significantly related to scores on several C-BARQ categories. These results show that important aspects of dog behaviour, which were of central importance for the ability to pass the T-test, could already be assessed during the first year of life in the home environments. This further opens novel possibilities to improve the selection procedure for military working dogs by involving the host families in the assessment, or by including a broader assessment of dog behaviour during the first year of life. Even though dog owner reports in general have a greater risk for subjective bias compared to more objective behavioural observation methods, the various C-BARQ items are designed to reduce such biases by focusing on the dog's response to a specific situation or stimuli (Hsu and Serpell, 2003; Duffy et al., 2008) .
With respect to the Index Value results, the C-BARQ category "Trainability" had a significant predictive value for the probability of successfully passing the T-test, which appears quite logical. However, it is perhaps more surprising that dogs scoring higher on C-BARQ items "Hyperactive/Restlessness, Difficulties in Settling Down", and "Chasing/Following Shadows or Light Spots" were more successful. These traits are typically associated with behavioural problems (Wells and Hepper, 2000) and a lesser chance to succeed as a guide dog (Tomkins et al., 2011) . However, this association between success in the T-test and C-BARQ items "Hyperactive/Restlessness, Difficulties in Settling Down", and "Chasing/Following Shadows or Light Spots", and which might signify that dogs passing the T-test tend to be somewhat hyperactive and obsessive/compulsive, do not necessarily means that these traits are negative in a MWD even though they probably would be in a pet or guide dog. Further, it may also be interpreted as a higher stress level in these dogs, and would not be expected to be associated with the ability to handle the stressful situation of the T-test. It appears that the T-test favours dogs which have a highly active personality type, and further research should focus on whether this is actually a preferred trait for a MWD.
Dogs with an Index Value>0 (hence being selected for training) were on average left alone at home longer per day than unsuccessful dogs. Again, this is a somewhat counterintuitive result, since time left alone at home is generally related to higher incidences of a variety of behavioural problems in dogs (Kobelt et al., 2003; Taylor and Mills, 2007) . However, since this is a strict correlational result, it is quite possible that the most stress-resistant dogs are more often left alone longer, simply because they can handle this without obvious negative consequences from the perspective of the hosts. Dogs with Index Value <0 scored high on C-BARQ categories "StrangerDirected Fear", "Non-Social Fear", "Dog-Directed Fear" and "Touch Sensitivity" which is in line with what might be expected, since an MWD is desired not to be fearful. The significant relationships between these traits from the C-BARQ and the risk of failure in the temperament test show that the probability to pass the test can successfully be predicted by the survey. This is in line with earlier studies on other categories of dogs showing that the C-BARQ is able to discriminate between dogs that are well suited for guide and assistance work and those which are not (Duffy and Serpell, 2012) . Although the number of dogs was relatively limited, using the combination of five different C-BARQ categories as predictors explained almost 30% of the variation in Index Value.
This indicates that background information about the experiences and perceived traits of a dog during its first year of life could significantly improve the selection of suitable MWDs.
Focusing on the behavioural outcomes in the different sub-tests, the PCA showed results highly consistent with previous research of dog temperament, which have used a range of methods (Svartberg and Forkman, 2002; Ley et al., 2008; Mirkó et al., 2012; Wilsson and Sinn, 2012; Foyer et al., 2013) . The factor scores obtained in the present analysis were based on a relatively limited number of dogs. The T-test has earlier been subjected to much more comprehensive analysis, aimed at determining personality dimensions in putative military dogs. However, in the present analysis, the purpose of the statistical testing was only to reduce the number of behavioural variables, not to impose the results on any particular personality model. Since we specifically wanted to compare the C-BARQ results with the T-test results of the same dogs, we therefore decided to base this comparison on a Principal Components Analysis of these dogs only, rather than, for example, superimposing the T-test outcome on previous independent factor analysis results. Nevertheless, there is considerable agreement between this and previous analyses of the same behaviour test as the one used here (Wilsson and Sinn, 2012) , where the PCA generated five PCs with eigenvalues >1, named "Confidence", "Physical Engagement", "Social Engagement", "Aggression" and "Environmental Sureness". In general, that study was highly consistent with this one Scores on three of the six PCs -"Confidence", "Physical Engagement" and "Aggression" -were associated with behaviour in the home environment, as assessed by the hosts in the C-BARQ questionnaire. This indicates that fundamental aspects of dog personality could successfully be assessed by the owners relatively early in the life of the dogs, and this in turn was highly related to the behavioural outcome of the standardised T-test. This opens up an important possibility to improve the selection of dogs by incorporating assessments by hosts that integrate observations over the entire first year of life. The present results do not allow us to determine how much the selection process could be improved by this, but this could be an important aspect of future research.
The results also call for more research on determining which traits are actually desired during the selection process of MWD, since it appears that the suitability test favours dogs which show behaviours which are often interpreted as signs of higher stress levels in their home environments, and also dogs which are left longer alone at home. Further studies should concentrate on improving the understanding of how the T-test is perceived by the dogs, for example the extent to which it provokes fear and stress reactions, and how this relates to the traits desired in a functional MWD.
Conclusions
Our results show that important aspects of dog behaviour assessed in everyday life situations by the host families during the first year of life could to some extent predict the outcome of the T-test and be used as a complimentary tool when evaluating prospective MWDs. The use of C-BARQ can therefore probably be used to improve the selection procedure of MWDs. greater and less than 0 respectively, where IV>0 signifies a higher than average probability of successful training outcome, and IV<0 a lower probability. Significant differences are indicated by asterisks (*: P<0.05; **: P<0.01; ***: P<0.001).
Supplementary material 1
Factor and item structure of the C-BARQ. Items 37-53 in the miscellaneous section are the added questions.
1 (Subscale): Trainability (frequency scale) Dog returns immediately when called while off leash Dog obeys a "sit" command immediately Dog obeys a "stay" command immediately Dog seems to attend to or listen closely to everything the owner says or does Dog is slow to respond to correction or punishment Dog is slow to learn new tricks or tasks Dog is easily distracted by interesting sights, sounds, or smells Dog will fetch or attempt to fetch sticks, balls, and other objects 2 (Subscale): Stranger-directed aggression (severity scale) Dog acts aggressively When approached directly by an unfamiliar adult while being walked or exercised on a leash. When approached directly by an unfamiliar child while being walked or exercised on a leash Toward unfamiliar persons approaching the dog while it is in the owner's car When an unfamiliar person approaches the owner or a member of the owner's family at home When an unfamiliar person approaches the owner or a member of the owner's family away from home When mailmen or other delivery workers approach the home When strangers walk past the home while the dog is in the yard When an unfamiliar person tries to touch or pet the dog When joggers, cyclists, roller skaters, or skateboarders pass the home while the dog is in the yard Toward unfamiliar persons visiting the home 3 (Subscale): Owner-directed aggression (severity scale) Dog acts aggressively When verbally corrected or punished by a member of the household When toys, bones, or other objects are taken away by a member of the household When bathed or groomed by a member of the household When approached directly by a member of the household while it is eating When food is taken away by a member of the household When stared at directly by a member of the household When stepped over by a member of the household When a member of the household retrieves food or objects stolen by the dog 4 (Subscale): Dog rivalry (severity scale) Investigates but is affected. Goes to puppy raiser but with help.
Investigates without hesitation or finds puppy raiser directly.
Metal stair Metal stair
Refuses to follow puppy raiser.
Starts to follow but then refuses after some steps.
Manages to walk the whole stairway but with major hesitation.
Easily walks the stairway, but with slight hesitation.
Walks the stairway without hesitation. No fear response.
Unstable
Acoustic Startle Secondary response
Does not want to investigate buckets despite encouragement.
Investigates buckets but only with major encouragement.
Investigates buckets with some help from handler.
Investigates buckets without help but with hesitation.
Investigates buckets without hesitation.
Acoustic Startle Lasting effect
Very affected. Persistent avoidance.
Affected. Is passing but active avoidance.
A bit affected. Change in body-posture when passing.
Unaffected but is looking at object.
No lasting effect. No fear response.
Visual Startle Flight distance
Visual Startle Aggression
No sign of aggression. I.e. pilo-erection, barking or growling.
Some sign of aggression. Barking or pilo-erection.
Clear signs of aggression, piloerection or growling.
Strong aggression, including mouth threat.
Attacks and bites the coverall.
Visual Startle Secondary response
Does not investigate coveralls
Investigates coveralls with major encouragement.
Investigates coveralls with some encouragement.
Investigates coveralls without help but with hesitation.
Investigates coveralls without hesitation.
Visual Startle Lasting effect
Very affected. Persistent avoidance of coverall.
Affected. Passes but shows active avoidance of coverall.
Mildly affected. Change in body posture when passing.
Unaffected but is looking at object when passing.
No lasting effect. Bites.
Gradual Visual Startle Fearfulness
Gradual Visual Startle Secondary response
Does not investigate figure.
Investigates figure with major encouragement.
Investigates figure with some encouragement.
Investigates figure without help but with hesitation.
Investigates figure without hesitation.
Gradual Visual Startle
Lasting effect Very affected. Persistent avoidance of figure.
Affected. Passes but shows active avoidance of figure.
Mildly affected. Change in body-posture when passing.
No lasting effect. 
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